Background: The application of biochar as a soil amendment has achieved popularity and has been found to improve considerably soil nutrient status and plant productivity in low fertile soils. Methods: This study used two different methods to apply sewage sludge and sewage sludge biochar with three replicates in a completely randomized block design. The experiment included (1) control, (2) mulch biochar (20 t/ha), (3) incorporated biochar (20 t/ha), (4) mulch sewage sludge (45 t/ha), and (5) incorporated sewage sludge (45 t/ha). This study aimed to investigate the potential benefits of sewage sludge and its biochar as mulch and incorporated into the top-soil for soil fertility, growth, yield, and shoot nutrient concentration of soybean and the effects of treatments on dry bulk density, water content, and mechanical resistance.
Introduction
Soybean (Glycine max L. Merrill) originated in China where it has been cultivated since the 11th century. It was first grown in Iran in 1939. Soybean production in Iran has steadily increased from 6000 tons in 1970 to 1.5 million tons in 2007 (1) . The use of organic and inorganic fertilizers can increase soil fertility. The main disadvantages of chemical fertilizers are their low availability to poor farmers (2) and soil degradation problems (3) resulting from the use of chemical fertilizers in consecutive years. Organic fertilizers are capable of modifying nutrient efficiency. Emphasis has to be placed on the use of organic fertilizer and microbial inoculants to ensure that agriculture remains a viable part of a healthy and sustainable ecosystem. Sewage sludge is a residual material from wastewater treatment process. Iran currently produces more than 25 million tons of sewage sludge (moisture of 80%) in wastewater treatment plants, thereby creating a great environmental responsibility for plant owners and local officials (4) . Biochar is a solid material gained from the thermo-chemical alteration (pyrolysis) of biomass in an oxygen-limited condition. It can be used for various purposes, such as a factor for soil enhancement, an enhancer of fertilizer use efficiency, protection against certain environmental pollutants, and as a way to reduce greenhouse gases (GHG) (5) . The pyrolysis process is suitable for sludge management compared with the currently-used land filling, incineration, or direct agricultural utilization methods (5) . The pyrolysis process can reduce the volume of sewage sludge, eradicate pathogens, and convert organic matter (OM) into biofuel, bio-oil, and biochar (6). Products of biochar from the sewage sludge produced through pyrolysis are rich in elemental carbon and nutrients and have plenty of exchangeable cations and surface adsorption sites which are very useful in eliminating pollutants from wastewater (7) and improving soil fertilization (8) . Hence, biochar produced from sewage sludge through pyrolysis are of high interest. Biochar is charred OM considered for use as a soil modification. It is a fine-grained charcoal intended for use in both ameliorating the physical, chemical, and biological properties of soil and sequestering soil carbon (9) . Products generated in the pyrolysis process include biochar, gas, and liquid. Differences in ratios are caused by the type of OM and temperature (10) . Though different biochars share the basic characteristics (e.g., high C content), all of them have different particular characteristics related to the properties of the raw organic materials (feedstock) and the pyrolysis parameters used for production (11) . Biochar has the valuable ability to retain water and nutrients. Moreover, the material offers a conductive habitat for soil microorganisms and, thus, can contribute to soil fertility (12) . Biochar can also be used to improve water retention in farmlands, reduce nitrous oxide emissions, balance soil acidity, and increase soil organic carbon (13) . Sewage sludge and its biochar have the potential for use as a fertilizer in agricultural production to resolve the needs of plants. Total and available phosphorous (P) and potassium (K) concentrations were increased by the pyrolysis process, although those of total and available N were decreased. Adding sewage sludge biochar to non-fertile and contaminated soils increased the fresh matter weight of Chinese cabbage (14) . In addition, organic waste applied as mulch or incorporated in the topsoil affected the physical properties of soil and plant growth (15) , which, in turn, contributed to higher crop yield. Iran's agriculture makes heavy use of farm chemicals which can adversely affect soil quality, the environment, and human health while increasing production costs. However, sewage sludge (biomass) can be converted on the farm to produce biochar, which can contribute to improving soil quality and increasing yield. In the long term, this method of soil amelioration can contribute to more sustainable farming. The goals of this study were: 1) to assess the potential benefits of sewage sledge and its biochar as mulch incorporated into topsoil for soil fertility, growth, and yield of soybean; and 2) to determine the impact of sewage sludge and its biochar as mulch incorporated into topsoil on dry bulk density, water content, and mechanical resistance.
Material and Methods
Description of the study area Field trials were conducted at Gorgan University of Agricultural Sciences and Natural Resources, Golestan province, Iran (approx. 37° 45' N, 54° 30' E; altitude 13 m A.S.L.). The average annual rainfall there was 607 mm and mean air temperatures were 13.5°C from 2005 to 2015. Sewage sludge and sewage sludge biochar were applied on June 3, 2014.
Collection of soil samples Composite soil samples were taken from a depth of 0-30 cm before the experiments. The soil samples were taken to the laboratory, air-dried, and passed through a 2-mm sieve. pH and electrical conductivity (EC) were determined in a 1:2.5 (g/mL) soil: water ratio using a pH meter (Mettler Toledo Delta 320) (16) and EC meter (DDS-307A) (17) , respectively. Cation exchange capacity (CEC) was determined using NH 4 OAc/NaNH 4 OAc at 7.0 (18) . OM was determined with the Walkley-Black method (19) . Calcium carbonate equivalent (CCE) was measured by acid neutralization (20) . Total nitrogen (TN) was determined with the Kjeldhahl method, and available phosphorous (P) according to Olsen method (21) . The available potassium (AK) was extracted from saturated paste by vacuum pump and analyzed by flame emission spectrophotometry. Finally, soil texture was determined using the Bouyoucos method (22) . All analyses were performed in parallel and in triplicate, and the results are listed in Table 1 .
Sewage sludge preparation and characteristics Sludge used for the pyrolysis treatment in this study was collected from the Kordkuy sewage sludge treatment plant (Golestan province, Iran). Biochar was produced by pyrolyzing the biomass at various temperatures under O 2 -limited conditions. Dried sewage sludge was collected from Gorgan, and the sewage sludge was pyrolyzed in a closed ceramic pot under O 2 -limited conditions at 350°C for 3 hours (23, 24) . The pH, EC, and CEC of the biochar and sewage sludge were determined and analyzed with the same methods as mentioned above for soil testing. The yield of biochar was determined as follows: Biochar yield (%) = (W 2 /W 1 )* 100
(1) where W 1 is the dry weight of the sewage sludge sample prior to pyrolysis and W 2 is the biochar weight. The biochar yield was calculated by subtracting the chemical reagent weight from the biochar mass produced. Ash was separated by placing the biochar or sewage sludge sample in a nickel crucible and heating it at 700°C for 2 hours under air (25) . The ash content was calculated as follows: Ash content (%) = (M Ash/M Biochar or sewage slud ge)*100
(2) where M Ash was the mass of ash and M Biochar or sewage sludge was the mass of biochar or sewage sludge. (26) . Hydrophobicity was measured using the ethanol droplet test (27) . All analyses were performed in triplicate and in parallel, and results are listed in Table 2 .
Moisture content Based on ASTM D2216-98 (28), the moisture content was determined by oven drying sewage sludge at 110°C until constant weight.
Determination of heavy metal content in sludge and biochar Aqua regia (mixture of HF, HClO 4 , HNO 3 , and H 2 SO 4 acids in the same ratio) was used to determine the total content of heavy metals (29) . The heavy metal content of the digestate was then measured with an atomic absorption spectrophotometer equipped with a graphite furnace (Analytik Jena, AAS6 Vario). This experiment determined the Cd, Cu, Ni, Pb, Cr, Co, and As contents of sludge and biochar.
Sewage sludge and sewage sludge biochar agronomic properties Total carbon (c), nitrogen (N), hydrogen (H), and oxygen (O) contents of sewage sludge and biochar were determined using an EA3000 Element Analyzer (Euro Vector, Italy). Total phosphorus (TP) and available phosphorous (AP) contents were determined by molybdenum antimony colorimetry. Total potassium (TK) and AK contents were determined by flame emission spectrometry. Hydrolysable nitrogen (HN) content was determined by alkaline hydrolysis and distillation.
Preparation of experimental plots The experiment was a completely randomized block design with three replicates conducted on 2 m × 3 m experimental plots ploughed to a depth of 30 cm. The soil surface was pulverized and raked even. Levees were constructed to separate the plots. In this experiment, treatment 1 (T1) was the untreated control, treatment 2 (T2) was soil with mulch biochar at 20 t/ha, treatment 3 (T3) was soil with incorporated sewage sludge biochar at 20 t/ha, treatment 4 (T4) was soil with mulch sewage sludge (dry weight) at 45 t/ha, and treatment 5 (T5) was soil with incorporated sewage sludge (dry weight) at 45 t/ha ( Figure 1 ). Each treatment consisted of 5 sub-treatments of chemical fertilizer (ST): ST1 (0 kg/ha), ST2 (N (100 kg/ha)), ST3 (N (100 kg/ha) and P (50 kg/ha)), ST4 (N (100 kg/ha) and K (300 kg/ha)), and ST5 (N (100 kg/ha), K (300 kg/ha), and P (50 kg/ha)) ( Figure 1 ). Fertilizer sources for N, P, and K were urea, triple superphosphate, and K sulfate. The land was ploughed and disked before any treatments were applied. For the mulch treatments, the sewage sludge biochar and sewage sludge were applied uniformly over the land instantly after sowing manually. Where the sewage sludge biochar and sewage sludge were to be incorporated (T3 and T5), it was initially applied uniformly as mulch and then incorporated to a depth of 0.2 m manually using a spade before drilling. To determine the appropriate amount of biochar application rates, previous studies were reviewed. The application amount used in previous studies varied widely from below 5 t/ha to over 100 t/ha. Results of previous studies indicated that a rate in the range of 5 t/ ha to 20 t/ha is appropriate for agricultural crops, though the appropriate rate depends on various factors such as primary soil characteristics and type of crop being grown. The application of sludge was 2.25 times greater than that of biochar based on the sludge-to-biochar conversion yield.
Crop cultivation
The soybean variety used in this experiment was D.P.X3589. Each plot was sub-divided into rows with an inter-row distance of 30 cm and 15 cm between planting holes. Six seeds were planted in each hole. After seedling emergence, 3 seedlings were removed, leaving the strongest three remaining in each hole. Weeds were regularly removed by hand-weeding after planting. Based on soil moisture content, the irrigation interval was generally 20 to 25 days in the first stages of plant growth; in summer, irrigation intervals of 10-15 days were applied.
Measurements
Plant height per plant (cm): Plant height was measured from the base to the top with the aid of a measuring tape at the end of cropping. Number of pods per plant: All pods of the plants were harvested and counted. Grain yield (kg/ha) and biomass (kg/ha): At maturity, all pods were harvested, all grains were recovered after shelling, and then they were weighed using top load balance (with a basin-like top and calibrated in kg) per plot. The grain yield per hectare was determined as follows: Grain Yield (kg/ha) and biomass (kg/ha) = (Grain Yield (kg/ha) or biomass (kg/ha)* 10000 m 2 )/Plot Area (m 2 ) Soil physical properties: Volumetric water content was determined gravimetrically on soil cores for depths of 0-0.08 m at 6 times (M1, M2,…, M6) by oven drying. On the same dates, mechanical resistance was measured in the field with a portable cone penetrometer (S1, S2,…, S6). Dry bulk density samples were collected using a standard core sampler with a sampling volume of 100.8 cm 3 at 6 times (Bd1, Bd2,…, Bd6) for each treatment and all replicates according to the core method. Samples were collected at depths of 0-08 cm and oven dried for approximately 24 hours at 105°C to a constant mass. Soil bulk density was determined (equation 2) by dividing the known mass of soil by the soil volume it occupied: ρb = soil mass / volume occupied by soil sample (3) where soil was measured in grams and volume in cm 3 . Tissue nutrient concentration: N, P, and K contents in plant shoot material at flowering were determined using a standard digest technique (30) . N was measured using Kjeltec, P using a colorimetric method, and K by flame photometry. Plant shoot samples were selected at random from the center of each plot between two adjacent rows on July 10, 2015 in three replicates per plot and mixed. Soil chemical properties: Available P (from a sodium bicarbonate extractant), K (using a 1N NH 4 OAc extractant), and soil TN (using a K chloride extractant) contents were determined at harvest. Soil samples were selected at random from the center of each plot between 2 adjacent rows at depths of 0 to 0.2 m on October 20, 2014 in 3 replicates per plot and mixed.
Statistical analysis
The data collected from this experiment was analyzed and compared for statistical differences using the Analysis of Variance (ANOVA) method and Duncan's new multiple range test (DMRT), and the software package Statistical Package for the Social Sciences (SAS) was used to process the analyses.
Results and Discussion
Sewage sludge and biochar characterization The sewage sludge and biochar properties, including yield, ash content, pH, CEC, moisture, hydrophobicity, EC, and BET, are summarized in Table 2 . The yield of biochar produced at 350°C was 48.1%, which was in accordance with the result obtained by Méndez et al (24) . The pyrolysis process increased the percentage of ash content, as reported by others (31, 32) . The percentage of ash content was increased from 59.45% for sewage sludge to 64.2% for biochar. Pyrolysis also increased pH as results of polymerization/condensation reactions and acidic surface groups released during pyrolysis showed (24) . The EC, a factor used to evaluate the content of total dissolved salts in a sample, was 4.2 dSm −1 for sewage sludge; this figure declined with pyrolysis to 2.4 dSm −1 for biochar at 350°C (24 (24) . The declines in CEC with the pyrolysis process may be due to functional groups released within the pyrolysis process (24) . SSA, one of the main factors in evaluating adsorption, is involved in the distribution of pore structure (33) . The results showed that the BET surface area of biochar increased during the pyrolysis process, as reported by others (24, 34) . The BET surface area of the biochar obtained at 350°C (34.2 m 2 /g) was larger than that of sewage sludge (1.1 m 2 /g).
Heavy metal contents of sewage sludge and biochar Table 3 presents the heavy metal contents of sewage sludge and biochar. Within wastewater treatments, nearly 50% to 80% of the heavy metal content present in wastewater is preserved in the sewage sludge; this clarifies the high concentration of particular metals in sewage sludge (35) . In this study, the heavy metal content was not as high and did not exceed the EPA thresholds for sewage sludge land usage (values in bold letters in Table 3 ) (36). Sewage sludge and sewage sludge biochar agronomic properties Pyrolysis process factors like temperature, residence time, and heating rate can affect the quality and quantity specifications of biochar (37) . In the current study, sewage sludge was changed at a relatively low pyrolysis temperature (350°C), allowing for biochar that is suitable for agricultural uses (38) . The elemental content changes in C, H, O, and N are also listed in Table 4 . As expected in the pyrolysis process for the biochar, the C content increased, while the H, N, and O contents decreased.
Temperature can increase the carbon content, possibly due to the increasing degree of carbonization. However, the decreases in O and H elements could be attributed to the breaking of weaker bonds in the biochar structure and the highly carbonaceous materials yielded with increased temperature. This fact was also suggested by results obtained by other authors (33) . The contents of major plant nutrients N, P, and K were determined to assess whether biochar was a favorable fertilizer for agricultural land. N and HN (0.05%) contents of biochar were lower than those of dried sewage sludge on the grounds of the volatilization of N within pyrolysis. N can be removed through the losses of NH 4 -N and NO 3 -N fractions as well as volatile matter containing N groups at 200°C (9, 39) . Nonetheless, the accessibility of N in biochar remains unclarified (33) . The TP and K contents of biochar were increased by 64.5% and 74.1%, respectively.
1000-grain weight, grain yield, biological yield, plant height, and number of pods per plant As shown in Tables 5 and 6 , the sewage sludge, its biochar and chemical fertilizer had a significant effect on 1000-grain weight, grain yield, biological yield, plant height, and number of pods per plant. ) increased seed yield up to 3.5 t ha -1 , which was closely similar to this experiment (41). Navin et al also showed that adding biochar to soil can increase soybean yield (42). Falodun et al (43) and Liang et al (44) showed that plant height was increased by organic and inorganic fertilizers.
Effects of biochar and sewage sludge on some soil physical properties Biochar and sewage sludge have the potential to modify the physical condition of soil, including factors such as surface area, pore size distribution, bulk density, waterholding capacity, and soil mechanical resistance (45) .
Dry bulk density for depths of 0.0-0.08 m during the growing season Differences in dry bulk density among treatments (Figure 2 ). Chan and Xu reported that bulk density in top soil was decreased with the addition of biochar to soils (11) . Moreover, Jones et al (46) showed that OM reduced bulk density by soil dilation and improvement in aggregate stability. The decrease in bulk density in the biochar and OM-amended soils might be caused by the physical dilution effects, as reported by Jones et al, who showed that increasing OM content can significantly decrease bulk density. In addition, the application of biochar decreased soil dry bulk density (45) . It can lead to alterations in soil aggregate sizes, as shown by Jones et al (46) and MacRae and Mehuys (45) . No difference in soil dry bulk density was seen among sub-treatments.
Volumetric soil water content for depths of 0-0.08 m during growing season ANOVA results showed differences between treatments for the volumetric water content in soil within the growing season were significant. The biochar mulch application (T2) significantly increased the volumetric water content in soil relative to other treatments during the growing season. The water content of soil for mulch biochar (T2), incorporation biochar(T3), incorporation sewage sludge (T5), and mulch sewage sludge (T4) were significantly greater than the control(T1) (Figure 3 ). Relative to incorporation treatments (T3 and T5), the effect of mulch treatments (T2 and T4) on soil volumetric water content became more pronounced at the growing season, especially when the evaporation potential was high. Asai et al (47) and Chan et al (48) indicated that applying biochar to soil can improve water-holding capacity and water retention which may be a factor in both yield improvement and plant nutrient availability. Jones et al showed that sewage sludge, because of its high OM content, significantly increased the volumetric water content of soil in treatments (46) . Moreover, soil water content rates among sub-treatments were not different.
Soil Mechanical Resistance during Growing Season
Differences among treatments for soil mechanical resistance were significant for all measurements as shown by analysis of variance. Soil mechanical resistance in both incorporation (T3 and T5) and mulch (T2 and T4) treatments was significantly less than the control (T1) during the growing season ( Figure 4 ). Soil mechanical resistance with biochar mulch (T2) was significantly less than the other treatments at the end of the growing season. Gantzer et al reported a decrease in soil (49), and Mukherjee and Lal also noted a decrease in soil mechanical resistance with the incorporation of OM to the soil (50). Furthermore, soil mechanical resistance rates among sub-treatments were not different. Yao et al showed that the application of biochar can improve the physical qualities of soil in terms of bulk density, soil mechanical resistance, and water holding capacity (51) . Decreases in soil mechanical resistance could be attributed to the amelioration of the aggregation and the decrease in bulk density (51) .
Effects of treatment applications on post-cropping soil chemical analysis
This study demonstrated that the addition of mulch sewage sludge (T4) and incorporation sewage sludge (T5) as well as their biochars (T2 and T3) increased total soil nitrogen (TN) compared to the control (T1) due to the high content of N in sewage sludge. Lehman and Joseph reported an increase in TN with the addition of sewage sludge (9) . The sewage sludge treatments (T4 and T5) showed a higher increase in TN compared to the biochar treatments (T2 and T3). TN contents of biochar were lower than those of sewage sludge, which could be attributed to the volatilization of N within pyrolysis. N can be removed through the losses of NH 4 -N and NO 3 -N fractions, like volatile matter containing N groups, at 200°C (9,39). Some researchers showed that the application of biochar can increase the uptake and efficiency of N fertilizers in soil as a result of reducing N leaching and also by affecting the soil N cycle (52) . The results of this study showed that the addition of N chemical fertilizer to soil can significantly increase TN compared to the control plot. The results of the addition of mulch sewage sludge (T4) and incorporated sewage sludge (T5) as well as their biochars (T2 and T3) increased the available phosphorus in soil compared to the control (T1). Lehman and Joseph reported an increase in soil phosphorus with the addition of sewage sludge (9) . Several studies reported an increase in AP after the application of biochar (53) (54) (55) . The biochar treatments (T2 and T3) showed a higher increase in soil phosphorus compared to the sewage sludge treatments (T4 and T5). Biochar can increase nutrient pools in soil due to its high surface area and can increase essential nutrient contents in soil. Furthermore, the results of this study showed that the addition of NP (ST3) and NPK(ST5) chemical fertilizer in soil can increase soil phosphorus significantly compared to the NK (ST4), N (ST2), and control (ST1) plots (Tables 7 and 8 ).
The effects of treatments on the AK of soil were significant. The results showed that the addition of mulch sewage sludge (T4) and incorporated sewage sludge (T5) as well as their biochars (T2 and T3) increased soil AK compared to the control (T1). The sewage sludge treatments (T4 and T5) showed higher increases in soil AK compared to the biochar treatments (T2 and T3). Bierdman and Harpole reported an increase in soil AK with the addition of biochar (56) . In addition, the results of this study showed that the addition of NK (ST4) and NPK (ST5) chemical fertilizer in soil can increase soil AK significantly (P < 0.05) compared to the NP (ST3), N (ST2), and control (ST1) plots (Tables 7 and 8) . TN, soil available P, and soil AK were higher with mulch treatments (T2 and T4) than the incorporation treatments (T3 and T5) ( Tables 7 and 8 ). Some researchers have found that biochar applications can result in increased contents of total, extractable, and/or exchangeable soil nutrients (56) (57) (58) (59) (60) .
Effect of biochar and sewage sludge applications on shoot nutrient concentration This study demonstrated that the addition of mulch sewage sludge (T4) and incorporation sewage sludge (T5) as well as their biochars (T2 and T3) increased N concentration in shoots compared to the control (T1). The sewage sludge treatments (T4 and T5) showed higher increased N concentrations in shoots compared to the biochar treatments (T2 and T3). Results of this study showed that the addition of N (ST2, ST3, ST4, and ST5) chemical fertilizer to soil increased the N concentration in shoots significantly compared to the control plot (ST1) ( Tables 9 and 10 ). Chan et al and Taghizadeh-Toosi et al reported similar effects for biochar on N uptake. One way biochar may affect soil nutrients is by reducing leaching losses (54, 55) . Nutrients can be adsorbed to biochar's surface, which slows leaching (11, 61) . According to the results of the present study, P concentration in shoots was significantly increased by the application of mulch sewage sludge (T4) and incorporation sewage sludge (T5) as well as their biochars (T2 and T3) compared to the control (T1). The biochar treatments (T2 and T3) showed higher increased P concentration in shoots compared to the sewage sludge treatments (T4 and T5). The results of this study showed that the addition of PN (ST3) and NPK (ST5) chemical fertilizers to soil can increase the P concentration in shoots significantly compared to the NK (ST4), N (ST2), and control plots (ST1) ( Tables 9 and 10 ). Lehmann and Rondon indicated an increase in P concentration in plants with the application of biochar (62) . The increase in P concentration as a consequence of the application of biochar may be attributed to the high P content in sewage sludge biochar. The highest soil P concentration was seen in biochar-amended soils (Table 4) . Potassium concentration in shoots was also significantly increased by the addition of mulch sewage sludge (T4) and incorporation sewage sludge (T5) as well as their biochars (T2 and T3) compared to the control (T1). The sewage sludge treatments (T4 and T5) showed higher increases in K concentration in shoots than the biochar treatments (T2 and T3). Moreover, the addition of NK (ST4) and NPK (ST5) chemical fertilizers to soil increased the K concentration in shoots significantly compared to the NP (ST3), N (ST2), and control plots (ST1) ( Tables 9 and 10) . Van Zwieten et al reported an increase in concentration of plant K with the addition of biochar (63) . The adhesion of soil colloidal particles to each other depends upon the net attractive forces between them, called soil aggregation. This property is very important for soil structure. Soil with a good structure provides favorable conditions for the movement of water and nutrients and their absorption by plants (64) .
Biochar cost estimates and correlations The costs related to biochar depend on various parameters, e.g., the cost of the feedstock, feedstock collection and transportation, production technology and temperature, production scale, distribution and handling. The difference in costs to produce biochar depends on raw materials like green waste, poultry litter, and wastewater sewage. Lehmann and Rondon presented an estimate of $50-200/ton of biochar (62) . The cost of biochars produced from sewage sludge is negligible, as currently these wastes generally have a cost associated with their exposure. Results of the current study indicated that production costs may be as low as $40/ton. Correlations between biological yield and K concentration in shoots, P concentration in shoots, N concentration in shoots, mechanical resistance at 6 times (S1, S2,…, S6), and volumetric water contents at 6 times (M1, M2,…, M6) were obtained. A significant positive correlation with biological yield was observed in K concentration in shoots (P < 0.0001, 0.84), P concentration in shoots (P < 0.0001, 0.81), N concentration in shoots (P < 0.0001, 0.74) and volumetric water contents (M2) (P < 0.0001, 0.72). Soils with high SSA and fine clay particles have significant effects on mechanical resistance to the root growth by cementing different sizes of soil particles. Dry bulk density and soil water content can control the soil mechanical resistance (64) . In the sub-humid climate of northern Iran, in addition to the cementing effects of high quantity fine clays in high specific surface soils, slow saturation and incomplete swelling of soils may induce greater cohesion and mechanical resistance (64) . The correlation between soil K concentration and plant K uptake was not significant (65) .
Conclusion
This study showed that sewage sludge and sewage sludge biochar have the potential to increase growth and yield of soybean. To-date, research has clearly demonstrated that biochar improves plant productivity and yield and soil fertility through several mechanisms. Physical aspects change with biochar, which can improve soil water-holding capacity. The biochar physical structure, its high porosity, and the initial associated high surface area result in soil fertility advantages over the direct addition of nutrients. Biochar applications can also increase nutrient retention and availability. This study also found that plant tissue K, P, and N concentrations and soil P, N, and K increased with the application of biochar sewage sludge and sewage sludge. These nutrients may be directly introduced to the soil through labile organic compounds associated with biochar sewage sludge and become available as these compounds weather. This paper also reports that biochar and sewage sludge amendment had positive impacts on soil physical properties; for example, biochar and sewage sludge decreased the bulk density of the soil. Biochar and sewage sludge treatments led to increased soil water content and decreased soil mechanical resistance. Having perfect knowledge about the circumambient environment is of high priority for researchers and agriculture policy makers. In soils containing silt clay loam texture, illite minerals, and with high SSA, Heating sludge removed all pathogens. It is recommended that short-and long-term studies be conducted in the region with further increases in the rates of combined biochar and sewage sludge application to determine the optimum level of application required for optimum crop production.
